Objectives: Almost all over the world, both high-and low-income countries have been experiencing the obesity epidemic. The aim of the study was to evaluate the association between occupational energy expenditure and body mass index (BMI).
INTRODUCTION
Almost all over the world, both high-and low-income countries have been experiencing the obesity epidemic [1, 2] . Various studies indicate that obesity is thought to be an essential risk factor for developing cardiovascular diseases, diabetes, certain neoplastic growths and other chronic diseases [3, 4] . Direct costs of obesity consume large proportion of national health budges. Indirect costs, which are far greater than direct costs, include work-days lost, at the doctor's visits, disability pensions, and premature mortality. Intangible costs such as impaired quality of life are also enormous. Nutrition and physical activity habits are the most important determinants of body weight. There is convincing evidence that regular leisure-time physical activity (LTPA) is protective against unhealthy weight gain [5] . In recent years more attention has been focused on describing and explaining occupational and socioeconomic variations in the prevalence of weight problems. However, the effect of occupational energy expenditure on overweight or obesity has not often been studied as a main assumption. The aim of the study was to evaluate the association between occupational energy expenditure and unhealthy weight among adult men and women.
MATERIALS AND METHODS
The study was performed in the population of adults randomly selected by the Local Data Bank in Łódź that rendered the data available with the proportional draw scheme. As an operator the personal identification number (in Polish PESEL) was used. Of the 2000 persons directly drawn, 949 responded to all the questions included in the questionnaire assessing physical activity. Of this group, 508 fulltime employees, including 272 men (mean age, 42.6 ± 10.6 years) and 236 women (mean age, 41.5 ± 9.9 years) were analyzed. Physical activity was determined by means of the Seven Day Physical Activity Recall (SDPAR) [6] . Information was obtained during an interview conducted by adequately trained interviewers. The SDPAR questionnaire permitted the collection of data concerning the frequency, intensity and length of both LTPA and occupational physical activity (OPA) seven days prior to the examination, and also the collection of data on the number of hours of physical activity with low (1.5 METs -metabolic equivalents), moderate (4 METs), high (6 METs) and very high (10 METs) intensity as well as energy expenditure during sleep (1 MET). Taking into consideration all the collected data, daily or weekly energy expenditure could be calculated (kcal/day, kcal/week). Three categories were considered to evaluate occupational physical activity: light, partially hard (moderate), and hard, which in men corresponded to weekly energy expenditure on work of < 4000 kcal/week, 4000-7500 kcal/week, > 7500 kcal/week, and in women to < 3500 kcal/week, 3500-5000 kcal/week and > 5000 kcal/week, respectively. LTPA was analyzed also in three categories: lack of physical activity, unsatisfactory, and satisfactory physical activity conducive to health. They corresponded to weekly energy expenditure on LTPA of 0 kcal/week, 0-1000 kcal/week, > 1000 kcal/week. Healthy body weight was defined as a body mass index (BMI) from 18.5 to 24.9 (kg/m 2 ), overweight was defined as a BMI between 25 and 30 (kg/m 2 ), obesity was recognized when BMI was higher than 30 (kg/m 2 ). Furthermore, while interviewing the subjects, the data on occupation, type of job performed, education, income, and marital status were collected. Detailed methodology of the study has already been published elsewhere [7] .
Statistical analysis
For the statistical analysis of the measurable characteristics, their range (minimum-maximum), mean values (arithmetic mean and median) and also standard deviations were calculated. To compare the frequency of the given categories of quantitative characteristics in the analyzed groups, the Chi 2 test or the Chi 2 test with Yates' correction were implemented. The distribution of measurable characteristics was analyzed using the Shapiro-Wilk test. To compare the mean values between two groups in relation to the type of distribution, the test for two independent trials or the Mann-Whitney test was applied. A significance level was established at p = 0.05 for the values included in the critical region of a given distribution. To identify risk factors that can contribute to overweight or obesity, the logistic regression analysis was performed. At the first stage, crude coefficients (odds ratios (OR) and 95% confidence intervals (CI) of the impact of singular variables on the risk of overweight or obesity in men and women were calculated. Subsequently, the multifactorial analysis, considering simultaneous effect of all variables on the risk of unhealthy weight in the study subjects, was employed. All p values were two-sided and p < 0.05 was set as statistically significant. The statistical analysis was performed with the STATGRAPHICS plus 5.1 program.
RESULTS
Based on the information collected during interviews, the subjects were characterized by means of basic anthropometric indices: weight, height, BMI, and selected socioeconomic variables (Table 1) . Among study participants, 53.0% of men and 25.7% of women were overweight; in addition, 16.0% of men and 7.6% of women were obese. Over half of the study sample (61.1%), including 58.5% of men and 63.7% of women, did not participate in any sports or leisure-time physical activities during the examination period ( Table 2 ). The characteristics of occupational phys-ical activity according to the value of energy expenditure (kcal/week) are presented in Table 3 . Logistic regression analysis was used to identify factors that can contribute to the unhealthy body weight in the subjects. The analysis of the impact of odd variables on BMI > 25 (kg/m 2 ) in men show that the age over 45 years, lack of LTPA, low educational level, low income and past smoking had a significant, negative influence on BMI (Table 4). In women also age, low educational level, lack of LTPA as well as low income were associated with higher risk of BMI > 25 (kg/m 2 ) ( Table 5 ). The risk of BMI > 25 (kg/m 2 ) in men and women was significantly associated with age (Tables 4 and 5 ). Among men aged 55-64 years, the risk for developing overweight or obesity was over 6-fold higher than in men aged 25-34 years (adjusted OR = 6.36; 95%CI: 2.13-19.03). Among females in the 55-64 age group, the risk of overweight or obesity was nearly 13-fold higher than in females aged under 34 years old (adjusted OR = 12.52; 95%CI: 3.56-44.06). Moreover, BMI has been found to be significantly associated with LTPA in the study participants (Tables 4 and 5 ). In the group of men declaring no energy expenditure on physical activity, the risk for BMI > 25 (kg/m 2 ) was significantly higher than among men expending 1000 kcal/week or more on LTPA (adjusted OR= 1.05; 95%CI: 1.03-2.27). Also, among women not taking up any recreational physical activity the risk of BMI > 25 (kg/m 2 ) was higher than in females reaching a satisfactory level of recreational physical activity (adjusted OR = 2.39; 95%CI: 1.07-7.42). No association between the level of weekly energy expenditure on OPA (kcal/week) and BMI was found. In both males and females, the level of education was significantly associated with BMI (Tables 4 and 5 ). In men with primary education the risk of overweight or obesity was nearly 3 times higher than in men with university education (adjusted OR = 2.57; 95%CI: 1.01-6.56). Among women with primary education the risk of overweight or obesity was over 5 times higher than in women with university education (adjusted OR = 5.15; 95%CI: 1.73-15.35). Furthermore, statistically significant association between the economic circumstances and BMI was found (Tables 4 and 5 ). In the group of men with the lowest monthly level of income per person in the family, the risk of BMI > 25 (kg/m 2 ) was almost 2 times higher than in men with monthly income higher than 250 euros (adjusted OR = 1.62; 95%CI: 1.26-1.65). In the group of women with the lowest monthly level of income per person in the family, the risk of BMI > 25 (kg/m 2 ) was higher than in women with monthly income higher than 250 euros (adjusted OR = 1.24; 95%CI: 1.20-2.65). Moreover, BMI was found to be associated with smoking habit in men (Table 4 ). In former male smokers, the risk of overweight or obesity was significantly higher than in current smokers (adjusted OR = 2.49; 95% CI: 1.14-5.45).
DISCUSSION
A rapid increase in the prevalence of obesity has been observed all around the world in both high-and low-income countries [1, 2] . Numerous surveys show that between 27% and 35% of adults in the European Union are overweight and between 7% and 12% are obese [8, 9] . Our study confirms these findings. Among the study participants, 53.0% of men and 25.7% of women were overweight; in addition 16.0% of men and 7.6% of women were obese. One of the factors associated with obesity is an increased energy intake. On the other hand, the prevalence of obesity is increasing in countries where caloric intake is declining as 
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IJOMEH 2007;20(1) 13 well as in those where it is on the rise [4, 10] . This situation is probably associated with the reduced energy expenditure as the major factor responsible for the spread of obesity. Physical activity is the most important component of energy expenditure. There is extensive evidence that the level of physical activity is associated with obesity, and it has been suggested that reduced physical activity in the population mostly contributes to the increase in the prevalence of obesity [11, 12] . In the majority of studies, LTPA showed an inverse association with the presence of obesity. The Health Professionals Follow-up Study showed an inverse association between LTPA and overweight in both crosssectional and longitudinal analyses [13] . The same study found that individuals with higher LTPA and less sedentary behavior are more likely to maintain or lose weight [14] . Nowadays, only 16.0% of men and 4.3% of women examined participate in LTPA at the level providing health benefits. A sedentary lifestyle appears to be a significant problem all over the world, however, the spread of lack of LTPA or its unsatisfactory level among residents of Łódź has been found to be higher than among adults in other countries, and particularly in Western Europe [15, 16] . Physical exercises are generally much more frequent in the United States, Western and Northern European countries than in the eastern and southern parts of Europe. In Europe, a lower prevalence of sedentary lifestyle was found in Northern countries (especially Scandinavian) as compared with Mediterranean countries [17] . It is estimated that 15-22.2% of the U.S. adult population take part in leisure-time physical activity at the satisfactory level [18] . The proportion of people leading a sedentary lifestyle in the USA reaches even 68%, depending on the gender and ethnical group of the subjects studied [18] . Reports published to date show the highest percentage of respondents declaring high physical activity in Finland (29.9%), Germany (19.9%), Spain (17.6%), and Russia (13.9%), whereas the lowest in Poland and Hungary (6.9%) [15] . It has also been found that not only LTPA is responsible for the energy balance. Many authors have suggested that technical development, computerization and mechanization in the workplace have reduced the need for energy expenditure at work, which together with other components of a sedentary lifestyle may play a significant role in the obesity epidemic [19] . Although our study did not confirm the association between OPA and BMI, these results are consistent with the majority of those obtained in studies of OPA and obesity. Haglund et al. [20] did not find association between OPA and obesity in a rural Swedish population. The results from Healthy Worker Project revealed that the level of OPA was not a predictive factor in weight loss [21] . One of the publications citing the data reported by Marins et al. [22] showed an inverse association between OPA and the waist to hip index (adjusted OR = 1.8; 95%CI: 1.1-2.0) in both men and women. For the BMI model, the retained variables were age, education, smoking, but not occupation. However, it should be emphasized that in the study group, the occupational energy expenditure was not high and only 17 persons attained physically demanding occupations. Several possible mechanisms that contribute to the lack of association between occupational energy expenditure and obesity might be suggested. Physical activity at work and during leisure differs in many aspects. The type, timing, duration, and intensity of LTPA may be chosen by an individual [23] . Exertion at work is usually of a considerably longer duration, more repetitive and monotonous, and under a lower control of the performer than recreational activity or housework. In the case of obesity, OPA could differently influence some factors related to energy balance and basal metabolic rate [24, 25] . Moreover, Sobal and Stunkard [26] observed that, across all industrialized populations, groups of a worse socioeconomic status were at a higher risk of becoming obese. The effect was highly consistent among women, but less consistent among men, and the authors suggested that such patterns may vary according to the measure of socioeconomic status being used. Differences in living habits between occupational groups, especially between employees attending physical and mental jobs, are quite common [27] . The literature data show that people with lower level of education commonly take on work involving more physical load than individuals with higher education, which can contribute to negative health behaviors in workers with lower social status [28, 29] . Lallukka et al. [30] , in the study IJOMEH 2007;20(1) 14 of 40-60 year-old employees of the City of Helsinki found that among women, mentally strenuous work and high job control were associated with a healthy diet. Work fatigue was associated with physical inactivity, whereas physically strenuous work and satisfaction with the work-home interface were more often reported by physically active women. Work fatigue was associated with high drinking among men. The recent studies among Polish employees have also indicated that among blue-collar workers, particularly in those who performed heavy work, reluctance to participate in LTPA is quite common [7] . Moreover, in the study of Bojarska et al. [31] , the very high prevalence of coronary artery disease risk factors, including smoking, obesity or poor diet, were found in groups of blue-collar women with high and low OPA levels. Also in the study of Oppert et al. [32] , age-and education-adjusted LTPA was associated with an increased frequency of fruit (adjusted OR = 2.05; 95%CI 1.68-2.52 in men; OR = 1.90; 95%CI 1.41-2.05 in women) and vegetable (adjusted OR = 1.81, 95%CI 1.48-2.21 in men; OR = 2.22; 95%CI 1.66-2.97 in women) consumption [32] . The data emphasize favorable associations between LTPA, a modifiable behaviors, various cardiovascular risk factors, and healthy eating habits. The results also suggest that the relationships between OPA and cardiovascular risk factors depend, at least in part, on socioeconomic status as reflected by educational level. Other studies have also demonstrated the importance of education and other socioeconomic indicators in predicting weight-related behaviors, including diet and physical activity [31, 33] . Possible explanations for socioeconomic differences in obesity include differences between socioeconomic groups in health-related knowledge, attitudes and material resources [31, 34, 35] . It is suggested that higher education may increase the awareness of benefits of healthy eating and exercise and the improve individuals' ability to follow health education messages. Because obesity may be less acceptable among those with higher socioeconomic status, people in higher occupational classes may be more vigorously engaged in weight control efforts [33] . The literature data show that people with more intensive OPA belong to those of a lower socioeconomic status and show a higher prevalence of obesity. However, it is possible that diet, a factor much less frequently available in most studies for adjustment of the regression models, is not responsible for the effect of OPA on obesity. Thus, the energy expenditure associated with OPA could be counterbalanced by a higher caloric intake in individuals who are more active at work. It can also be associated among others with the increased consumption of cheap and easy to obtain energy-dense diets high in fat, particularly saturated fat, and low in unrefined carbohydrates. In fact, individuals with more intensive OPA may report higher caloric intake than those whose occupation requires less physical activity [25] . This effect of diet, which could not be controlled in this study, may at least partly explain the absence of the effect of occupational energy expenditure on BMI. Finally, it is also possible that hard work increases muscle mass, and people with intense OPA may have an increased relative weight, or people with higher body mass (looking strong) are more likely employed for physical work [24] . Because we were not able to control the analysis for any measure of fat-free mass, we cannot rule out this explanation for our findings. But in our study, involving only a small number of persons with very high energy expenditure on OPA, this should not significantly influence our results. On the other hand, the longitudinal study of Petersen et al. [36] indicates that obesity may cause some limitations and lead to physical inactivity. According to findings of these authors, the inverse cross-sectional relation may be due to the reduction of physical activity as a consequence of obesity, assuming that the higher overweight the greater discomfort of physical activity. These findings may have important implications for identifying patients at overweight or obesity risk at the primary health care or in occupational medicine practices. Future programs aimed at decreasing the spread of overweight and obesity in adults should consider an improvement in health habits, including leisure-time physical activity and diet as well as socioeconomic factors. Well-targeted health education interventions should assist in reducing the obesity epidemic, and a better understanding of socioeconomic differences in obesity should contribute to reducing the prevalence of obesity.
